Oxidative stress is a physiological condition that is associated with atherosclerosis, and it can be influenced by diet. Our objective was to group fifty-seven individuals with dyslipidaemia controlled by statins according to four oxidative biomarkers, and to evaluate the diet pattern and blood biochemistry differences between these groups. Blood samples were collected and the following parameters were evaluated: diet intake; plasma fatty acids; lipoprotein concentration; glucose; oxidised LDL (oxLDL); malondialdehyde (MDA); total antioxidant activity by 2,2-diphenyl-1-picrylhydrazyl (DPPH) and ferric reducing ability power assays. Individuals were separated into five groups by cluster analysis. All groups showed a difference with respect to at least one of the four oxidative stress biomarkers. The separation of individuals in the first axis was based upon their total antioxidant activity. Clusters located on the right side showed higher total antioxidant activity, higher myristic fatty acid and lower arachidonic fatty acid proportions than clusters located on the left side. A negative correlation was observed between DPPH and the peroxidability index. The second axis showed differences in oxidation status as measured by MDA and oxLDL concentrations. Clusters located on the upper side showed higher oxidative status and lower HDL cholesterol concentration than clusters located on the lower side. There were no differences in diet among the five clusters. Therefore, fatty acid synthesis and HDL cholesterol concentration seem to exert a more significant effect on the oxidative conditions of the individuals with dyslipidaemia controlled by statins than does their food intake.
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Oxidative stress: Lipoproteins: Fatty acids: Diet
Oxidative stress can be defined as the disruption of redox signalling and control (1) . Many studies support the important role that oxidative stress plays in the development of CVD, including atherosclerosis (2 -4) . LDL (LDL cholesterol) are preferentially deposited in the vascular wall, where they are oxidised as a consequence of oxidative stress (3) . This process occurs during the early stages of the endothelial dysfunction that result in atherosclerotic lesions and the development of foam cells (5) . Therefore, the oxidation of lipids and proteins that are present in the LDL cholesterol structure has been considered to be one of the major risk factors for the progression of atherosclerosis (2, 6, 7) . For this reason, oxidative stress can be especially hazardous to individuals who have a high LDL cholesterol concentration or who have an LDL cholesterol concentration that is controlled by drugs, such as statins.
Several factors can influence oxidative status and oxidative susceptibility. The antioxidant defence can be improved by some nutrients in the diet, which are able to protect the organism against many causes of early death and increase survival, especially under suboptimum conditions (8) . The consumption of a diet rich in natural antioxidants contributes to reduce postprandial oxidative status and has been associated with prevention from and/or the treatment of atherosclerosis (2, 9, 10) . One of the principal limitations in human oxidative stress research is the lack of a specific biomarker (4, 11, 12) . As a result, assessing oxidative stress remains a challenge (13) . In addition, since studies with human subjects cannot be invasive, almost all experiments are performed on blood or urine samples. There is no consensus about which biomarker would be the most appropriate to evaluate in vivo oxidation. Recently, Capitani et al. (14) have proposed the use of multivariate statistical techniques to classify natural and synthetic compounds according to their antioxidant activity, which was measured by five different methodologies. One of these techniques, which is known as principal component (PC) analysis, reduces the original number of variables to a smaller number of new, uncorrelated variables (PC) based upon their linear correlations. These statistical tools make it possible to separate individuals according to their oxidation profile, as measured by more than three biomarkers, and this dispersion can be graphically visualised. In addition, cluster analysis, another multivariate technique, can be used to group individuals according to their similarities and differences with regard to selected biomarkers that were measured at the same time. Thus, the objective of the present study was to apply a multivariate statistical approach to group individuals with dyslipidaemia controlled by statins according to four oxidative biomarkers and to evaluate the diet pattern and blood biochemistry differences between these groups.
Methods

Chemicals
All reagents were purchased from Sigma Chemical Co. (St Louis, MO, USA), Merck (Darmstadt, Germany) and Invitrogen Corporation (Carlsbad, CA, USA). All other reagents used in the experiments were of analytical grade. The aqueous solutions were prepared by using ultra-pure Milli-Q water (Millipore Ind. Com. Ltd, Jurubatuba, SP, Brazil), while the organic solvents were HPLC grade.
Subjects
Subjects were recruited from the patient data bank at the Dante Pazzanese Institute of Cardiology. From the hospital database containing 1056 patients, eighty-two individuals, including both males and females, were recruited to participate in the study. The inclusion criteria included age between 30 and 80 years old, BMI between 18·5 and 29·9 kg/m 2 and taking statins (simvastatin or atorvastatin) at doses ranging from 10 to 80 mg/d for at least 6 months. The exclusion criteria were pregnant or breast feeding, diabetes, kidney disease, endocrine disease, liver disease, a personal history of myocardial infarction or stroke and hormone treatment for menopause. All volunteers were instructed to maintain their normal daily routines and food intake throughout the study. Out of the eighty-two individuals who were initially recruited, fifty-seven participated in the study. The remaining twenty-five volunteers dropped out the study because they did not have their blood collected on time. At the first meeting, the participants recorded their usual dietary intake, gave an overnight fasting blood sample and had their body weight and waist/hip circumference taken. Dietary intake was assessed with the use of a 3-d food register (two workdays and one weekend day) at the beginning and after 30 d. The intake during the test period was calculated as the mean value of the 6-d dietary register. The nutrient composition of the diets was assessed by using the Nutriquanti w software, which is based on the United States Department of Agriculture database (15) . Body weight was measured using a digital scale with an accuracy of 0·1 kg. The subjects' heights were measured with a stadiometer, and waist circumference was expressed in cm and measured midway between the lowest rib margin and iliac crest to the nearest 1 mm in a standing position. Hip circumference was measured on the widest part of the buttocks. BMI was calculated as body weight divided by squared height (kg/m 2 ). Blood samples were drawn from the forearm vein into EDTA-treated and plain Vacutainer tubes (Becton Dickinson, Rutherford, NJ, USA), which were immediately centrifuged at 1600 g/10 min at 48C (Hitachi, CF-15R, Tokyo, Japan). Plasma and serum samples were divided into 1·5 ml Eppendorf tubes and immediately frozen under liquid nitrogen. Five microlitres of cocktail containing 4 mM-butylated hydroxytoluene, 200 mM-phenylmethanesulphonylfluoride, 400 mM-benzamidine and 40 mg/ml aprotinine was added to 1 ml of the samples that were selected for the measurement of LDL-cholesterol oxidation (oxLDL). In the laboratory, all samples were transferred from the liquid nitrogen tank to an ultra-freezer and kept at 2 808C until analysis. Except in the case of oxLDL determination, all samples were thawed only one time. Plasma samples were analysed enzymatically for total cholesterol (Liquiform Cat. 76, using cholesterol esterase, cholesterol oxidase and peroxidase), HDL cholesterol (Cat. 13, using precipitation with phosphotungstenic acid and MgCl 2 ) and TAG (GPO-ANA, Cat. 59, using glycerol 3-phosphate oxidase). LDL cholesterol was calculated by the Friedwald equation (16) :
Glucose was carried out using the glucose oxidase automatic glucose oxidase Trinder colorimetric assay (Glucose PAP Liquiform). All values were determined using a Micronal B-380 spectrophotometer (São Paulo, SP, Brazil). All these experiments were repeated 30 d after the first meeting.
Plasma fatty acid composition
Lipids were extracted from plasma (1·0 ml) according to Folch et al. (17) using a methanol -chloroform mixture as solvent. Fatty acids were esterified by the method of Hartman & Lago (18) and their composition was determined by GC (GC17A, Shimadzu, Kyoto, Japan; class CG equipped with autosampler and controlled by a software package, Class CG10). A capillary column (Supelcowax 10, Bellefonte, PA, USA; 30 m £ 0·25 mm inner diameter) was used for injection. Helium was used as carrier gas (flow rate: 1 ml/min). The injector port and detector temperatures were 250 and 2708C, respectively. The column temperature was increased stepwise (18C/min) to a plateau (2258C), which was kept for 10 min. A standard mixture with thirty-seven fatty acid methyl esters (Sigma Chemical Co.) and a standard mixture containing nineteen components (Supelco, Inc.) were used to identify the peaks. Results were expressed as percentage of total fatty acid present. The peroxidability index of the lipids was calculated on basis of the number of methylene groups among the double bonds, according to the following equation reported by Hsu et al. (19) :
Peroxidability index¼ð%dienoic£1Þþð%trienoic£2Þ þð%tetraenoic£3Þþð%pentaenoic£4Þ
Blood total antioxidant activity (2,2-diphenyl-1-picrylhydrazyl radical and ferric reducing ability power)
The measurement of total antioxidant activity was performed in serum and plasma samples by two methods: 2,2-diphenyl-1-picrylhydrazyl radical (DPPH) and the ferric reducing ability power (FRAP). The DPPH method was carried out according to Chrzczanowicz et al. (20) with some modifications. Serum (100 ml) was mixed with 900 ml methanol, incubated for 2 min at room temperature and then centrifuged at 9500 g for 10 min/48C (Hitachi, CF-15R). Samples (25·0 ml) of supernatant containing deproteinised serum were mixed with 5·0 ml DPPH solution (10·0 mmol/l in methanol) and up to 1·0 ml methanol. Absorbance at 517 nm was read after 30 min of incubation period at 208C, using a spectrophotometer (UV-Mini 1240, Shimadzu Corporation). Some samples received 25·0 ml of methanol as a blank. All experiments were performed in triplicate and antioxidant activity was calculated according to percentage of inhibition ¼ (1 2 (A 517 sample/A 517 blank)) £ 100 %. The FRAP method was performed as described by Benzie & Strain (21) . This method measures the capacity of the sample to reduce the [Fe 3þ -TPTZ] complex to the [Fe 2þ -TPTZ] complex, which is blue in colour (l ¼ 593 nm). FRAP reagents included 300·0 mM-acetate buffer, pH 3·6, 10·0 mM-2,4,6-tripyridyl-s-triazine dissolved in 40·0 mM-HCl and 20·0 mM-FeCl 3 ·6H 2 O solution in distilled water. The FRAP reagent was freshly prepared by mixing 25·0 ml acetate buffer with 2·5 ml 2,4,6-tripyridyl-s-triazine solution and 2·5 ml FeCl 3 ·6H 2 O solution. Briefly, 3·0 ml fresh FRAP reagent was mixed with 100·0 ml plasma, and the absorbance at 593 nm was read in the beginning (Abs T0 ) and after 6 min (Abs T6 ), which were both read against a reagent blank (Milli-Q water) at room temperature using a spectrophotometer (UV-Mini 1240, Shimadzu Corporation). The difference between the absorbance values (DA 593 nm ) was calculated for each sample. Freshly prepared aqueous solutions of Fe 2þ (FeSO 4 ·7H 2 O) at 1000 mmol/l were used for expression of the results. Sample FRAP values were calculated as: (DA 593 nm sample/DA 593 nm. Fe 2 SO 4 at 1000 mmol/l) £ 1000 mmol/l. Thus, in both methods, the higher the percentage of inhibition or Fe 2 SO 4 mmol/l, the higher the total antioxidant activity.
Oxidised-LDL measurement
The plasma concentration of oxLDL was evaluated using sandwich ELISA, according to Faulin et al. (22) . Briefly, ninety-six-well flat-bottom polystyrene microtitre plates (Costar, Corning, Inc., Teterboro, NY, USA) were coated with 10 mg/ml anti-LDL(2) 1A3H2 monoclonal antibody (50·0 ml/well) overnight at 48C in order to ensure antibody adherence in the plates. The plates were washed thrice with PBS, pH 7·4, containing 0·05 % Tween 20 (200 ml/well). Free binding sites were blocked by the addition of 150 ml/ well PBS containing 2 % non-fat dry milk, which was previously inactivated by heating (1008C), and 0·01 % Tween 20 for 1 h and 30 min at 378C, followed by washing as above. The standard or plasma (1:2000 -1:10 000, diluted in PBS containing 1 % non-fat milk and 0·01 % Tween 20) was added (50 ml/well) to the plates and again incubated for 90 min at 378C. During this step, the oxLDL present in the samples binds to the antibody. Then, the plates were washed and incubated with 0·5 mg/well of anti-LDL(2) 2C7D5F10 monoclonal antibody that was conjugated to biotin for 1 h at 378C, forming the sandwich,
After incubation, the plates were again washed as described above. Then, 50·0 ml/well streptavidin-conjugated horseradish peroxidase (Invitrogen Corporation) was added and incubated for 1 h at 378C, in order to link with the biotin. Washed plates were finally incubated with 50 ml ortho-phenylenediamine, which was diluted in citrate phosphate buffer pH 5·3 at 378C for 15 min. ortho-Phenylenediamine is a peroxidase substrate that produces a soluble end product with an orange-brown colour. The reaction was stopped by adding 2 M-H 2 SO 4 , and the absorbance was measured at 492 nm by spectrophotometry, using a microplate reader (Spectra Count Microplate Photometer, Packard Instruments Company, Downers Grove, IL, USA). A calibration curve was carried out in each plate, using LDL(2 ) extracted from human plasma by fast protein liquid chromatography as a standard (0·625-20·000 mg/ml). The results were expressed as U/l, with 1 unit representing 1·0 g/l oxidised apo B.
Plasma malondialdehyde concentration
The MDA concentration in plasma EDTA samples was determined by reverse-phase HPLC, according to Cheng et al. (23) , by thiobarbituric acid derivatisation. Briefly, 50 ml plasma was added to 25 ml 1 % ethanol butylated hydroxytoluene, 425 ml Milli-Q water and 750 ml phosphoric acid. Tubes were vortexed for 10 s and boiled for 1 h. Samples were cooled to room temperature using an ice bath, and 500 ml were transferred to an Eppendorf tube, to which 400 ml methanol þ 100 ml 1·0 mol NaOH were added to extract the MDA -thiobarbituric acid adduct. The Eppendorf tubes were centrifuged at 14 000 g for 5 min at 208C (Hitachi, CF-15R), and the supernatant was transferred to vials. The chromatographic analysis was performed in an HPLC (Agilent Technologies 1200 series; Santa Clara, CA, USA) that was connected to a computer. The thiobarbituric acid-MDA conjugate derivative (20 ml) was injected onto analytical column Phenomenex reverse-phase C18 (250 mm £ 4·6 mm; 5 mm -Phenomenex, Torrance, CA, USA) with pre-column LC8-D8 (Phenomenex AJ0-1287) and fluorometrically quantified at an excitation of 515 nm and an emission of 543 nm. The HPLC pump delivered the isocratic mobile phase (60 % PBS (50 mmol, pH 6·0) and 40 % methanol) at a flow rate of 1·0 ml/min. A standard curve was prepared using MDA tetrabutylammonium salt at a concentration of 0·5 -5·0 mmol.
Ethics
The present study was conducted according to the guidelines laid down in the Declaration of Helsinki, and all procedures involving human patients were approved by the Ethics Committee of the Pharmaceutical Science Faculty and of the Dante Pazzanese Institute of Cardiology. Written informed consent was obtained from all patients.
Statistical analysis
Results were expressed as mean followed by pooled SD. Differences between the two blood collection times (T 0 and T 30 ) were evaluated by Student's t test for dependent variables, while the comparison between sex was evaluated by Student's t test for independent variables. PC analysis was the multivariate technique that was applied to assess and separate the individuals (n 57) according to their oxidative conditions based upon the four biomarkers. The data matrix (57 £ 4) for independent variables that are expressed in different units (mmol/l, unit/l, percentage of inhibition or Fe 2 SO 4 mmol/l) was prepared by adopting the biomarkers as columns and the individuals as rows. Analyses were based on correlation, and variances were computed as sums of squares/(n 2 1). Eigenvalues higher than 1·0 were adopted in order to present the projection of the individuals on the factor plane (1 £ 2). Tree-clustering analysis was used to group the individuals according to their similarities based upon the four biomarkers. This analysis was based on Ward's method and Euclidean distances, using the standardised matrix. Main-effects ANOVA followed by Tukey's honestly significantly different post hoc test was applied to evaluate the differences between the five selected clusters, which included sex and age as covariates. Homogeneity of variances was checked by the Hartley test. A P value , 0·05 was considered to be significant. The statistical analyses were performed using STATISTICA 7.1 software (Statsoft, Inc., Tulsa, OK, USA).
Results
The oxidative biomarkers, anthropometric measures, cholesterol, TAG, glucose concentration, lipoprotein concentration and the dietetic pattern in terms of macro-and micronutrients were all evaluated at the start of the study and after 30 d (Tables 1 and 2 ). Only FRAP and carbohydrate intake showed a statistical difference between the two time points. In the oxLDL measurements, samples were evaluated only after 30 d.
The comparison of the data that were obtained in the present study against the values reported in the literature showed that the MDA concentration of the individuals with dyslipidaemia controlled by statins was higher (P, 0·001) than the reference value for normolipidaemic individuals. The FRAP and DPPH results were also statistically lower (P, 0·001) when compared with the mean reference pattern. Total cholesterol, TAG and LDL cholesterol mean concentrations were below the borderline values that have been recommended by the National Cholesterol Education Program (24) , which demonstrates the effect of statin treatment on the control of dyslipidaemia in these individuals. The HDL cholesterol concentration was below to the borderline value, and the glucose concentration could be considered to be indicative of a pre-diabetic condition for this population. With regard to the nutrient intake, with the exception of Na and ascorbic acid, all micronutrients were below the dietary reference intakes (25) , taking into account the range mean values that have been recommended for women and men. Males showed a higher total antioxidant activity (FRAP and DPPH) than females, although there were no differences for the MDA and oxLDL values between the two groups ( Table 3 ). In addition, males showed lower linoleic acid, PUFA and HDL cholesterol concentration than females.
The mean values of all parameters that were obtained from the fifty-seven individuals, including both males and females, were applied in the multivariate statistical analysis. First, PC analysis was applied to reduce the original four variables to a lower number of uncorrelated components. The three PC that were selected here could explain 94 % of the total variation. Taking into account eigenvalues greater than one, the individuals were separated in the first PC (Fig. 1) by their total antioxidant activity that was measured in plasma and serum (FRAP: þ0·92 and DPPH: þ0·93), separated in the second PC by their oxidation that was measured by MDA (þ0·74) and oxLDL (þ0·70) and separated in the third PC, both above and below the plane, also by their oxidation status measured by MDA (þ0·67) and oxLDL (2 0·69), using opposite signals. Based on the cluster analysis that was applied to the standardised values (Fig. 2) , we proposed the separation of the individuals into five clusters.
All groups significantly differed according to at least one of the four biomarkers. The separation of the individuals in the first axis was based upon their total antioxidant activity. Clusters located on the left side, which included groups 3-5, showed a lower total antioxidant activity than the clusters located on the right side, which included groups 1 and 2. Statistical differences (Table 4) were observed for the myristic acid proportion (P¼0·044) between individuals who composed clusters 1 (1·6 %) and 5 (1·0 %) and for the arachidonic acid proportion (P¼0·049) between individuals who composed clusters 2 (7·3 %) and 3 (10·9 %). A statistically significant correlation (r 2 0·33, P¼0·035) was observed between the antioxidant activity that was measured by DPPH and peroxidability index. The separation of the individuals in the second axis was due to their oxidation that was measured by the MDA and oxLDL concentrations. Clusters located on the upper side, which included groups 2 and 3, showed greater oxidative status than clusters located on the lower side, which included groups 1, 4 and 5. Statistical differences were observed for HDL cholesterol concentration (P¼0·004) between individuals who composed clusters 2 (0·809 mM) and 4 (1·045 mM). No statistical difference in the dietary pattern was observed among the five groups (Table 4) , which included macronutrients, micronutrients and fatty acids.
Discussion
Initially, the present results showed the variation of the four oxidative stress biomarkers over the course of 30 d. Taking into account the fact that 30 d is not enough time to change the oxidation stress of an organism in a population that did not change life routine and/or dietary pattern, this variation reflects the intrinsic range of these biomarkers. The mean values for the four biomarkers that were evaluated in the individuals with dyslipidaemia controlled by statins suggested that this population presented a higher oxidative status (43) Cholesterol (mg)  193·6  196·6  195·1  98·7  0·722 , 300 mg (43) Fibre
T 0 , time at 0 min; T 30 , time at 30 min; RE, retinol equivalents. * Probability value obtained by t test for dependent variables. 8·8  8·4  0·620  C20 : 5n-3 -eicosapentaenoic  0·7  0·7  0·890  C22 : 6n-3 -docosahexaenoic  1·2  1·3  0·583  SFA (%)  30·1  31·5  0·146  MUFA (%)  23·5  25·3  0·129  PUFA (%)  45·4  41·9  0·041  PI  73·6  70·1  0·314 MDA, malondialdehyde; FRAP, ferric reducing power; DPPH, 2,2-diphenyl-1-picrylhydrazyl radical; oxLDL, oxidised LDL; PI, peroxidability index. * Probability value obtained by t test for independent variables. and a higher oxidative susceptibility than those presented by normolipidaemic subjects who have been reported in the literature.
MDA is produced by the decomposition of hydroperoxides that are formed from the PUFA oxidation that is mediated by free radicals or by the reaction between hydroxyl radicals and acrolein (26) . MDA can also modify apo B (27) , making this phenomenon the basis of atherogenicity. Healthy plasma MDA values change approximately about 1·0 mmol/l (28) . The mean concentration of MDA that was observed in the present Fig. 1 . Projection of the individuals (n 57) designed by their cluster numbers (1-5) on the factor plane (1 £ 2). The active variables that were selected were percentage of inhibition as measured by 2,2-diphenyl-1-picrylhydrazyl and ferric reducing ability power values, which are presented in the first axis as antioxidant activity, oxidised LDL and malondialdehyde concentration, which are presented in the second axis as oxidative status. study for the individuals with dyslipidaemia controlled by statins was 1·4 (SD 0·4) mmol/l. This value was between those reported by Agarwal & Chase (29) for healthy, normolipidaemic individuals (1·09 (SD 0·43) mmol/l) and those reported by Jenkins et al. (27) for older, hyperlipidaemic subjects (1·6 (SD 0·1) mmol/l).
Several factors could explain the higher oxidative status and oxidative susceptibility that was observed in our patients.
Elevated glucose concentrations can increase the activity of some enzymes that are involved with lipid oxidation, such as 12/15-lipoxygenase and the NADPH oxidases. In addition, glucose can react with amino groups and lipids to produce advanced glycation end products. These advanced glycation end products are associated with higher reactive oxygen species production, which increases MDA concentration (11,30 -32) . The antioxidant effect of some of the Table 4 . Mean values of age, plasma oxidative stress biomarkers, fatty acids proportion, biochemical parameters, nutrient intake and statin dose that was observed for each cluster presented in Fig. 2 (Mean values and pooled standard deviations) 
MDA, malondialdehyde; FRAP, ferric reducing power; DPPH, 2,2-diphenyl-1-picrylhydrazyl radical; oxLDL, oxidised LDL; RE, retinol equivalents. a,b,c Mean values in the same row with different superscript letters are significantly different (P, 0·05). * Probability value obtained by ANOVA.
proteins that are present in HDL cholesterol, such as paraoxonase-1, is widely recognised (33 -35) . Paraoxonase-1 is an esterase that is associated with HDL cholesterol, which is able to hydrolyse oxidised lipids and, consequently, reduce the oxidative stress in lipoproteins, macrophages and atherosclerotic lesions (34) . Several studies have shown that paraoxonase-1 protects LDL cholesterol and HDL cholesterol against oxidation and destroys biologically active oxidised lipids in lipoproteins and arterial walls. Its association with HDL cholesterol is a prerequisite for maintaining normal serum activity of the enzyme (7) . Thus, the high glucose concentration (5·85 (SD 0·6) mM), which indicates a pre-diabetic condition for these individuals, associated with the low values of HDL cholesterol (0·818 (SD 0·209) mM), could have both contributed to the higher oxidative stress that was observed in this population.
Multivariate statistical analysis, among a wide possibility of applications, allows the visualisation of a large number of associations at the same time and some load. In addition, it is possible to group individuals after data collection and start an interventional protocol for the newly formed groups. For example, it has been emphasised the importance of the baseline concentrations of antioxidants in studies involving oxidative biomarkers (10, 36, 37) . Using multivariate statistics, it is possible to group the individuals according to their baseline concentrations as evaluated by more than three criteria at the same time, as we had already suggested (38) , and to examine the antioxidant intervention in each group. With regard to in vivo oxidation research, multivariate statistical methods will offer an additional contribution, since more than a few biomarkers are necessary to diagnose oxidative status or oxidative susceptibility (39) . In the present study, we first tried to evaluate whether the individuals could be classified according to their oxidative stress, and after to check whether some dietary component could be associated with this classification. Multivariate analysis showed to be a very useful tool for classifying these individuals according to their scores obtained by four biomarkers. However, no association was observed between the oxidative stress classification and the food intake of these patients. The failure to identify an association could be attributed to the low size sample (n 57), interviewer bias, differences in the food databases that were used to convert the food intake into nutrient intake (40) and blood collection in fasting instead of postprandial state (41) . Although the sample size was low, individuals showed a large range for their nutrient intake. Thus, we suppose that other factors, which are mainly associated with genetic aspects, can exert a much higher effect on these biomarkers than the diet. Stephens et al. (12) suggested that oxidative stress can be better observed by biomarkers in individuals who are exposed to gene -environment interactions, such as smokers who carry the 14 allele of the apo E gene. The lack of any significant association between oxidative biomarkers and the nutrient intake in the present study might have been different if some genetic variants were included in the investigation.
The first PC (horizontal axis, Fig. 1 ) separated the individuals according to their total plasma antioxidant activity. A high correlation was observed between the FRAP and DPPH assays (r þ0·73, P, 0·01). It was not surprising, since both methods measured the ability of the almost same compounds (bilirubin, uric acid, ascorbic acid, carotenoids, tocopherols, flavonoids and others) to donate electrons or hydrogen to the radicals, Fe 3þ and DPPH z , respectively. A higher proportion of myristic acid (C14 : 0) and a lower proportion of arachidonic acid (C20 : 4n-6) were observed in the individuals on the right side, where the clusters presented higher total plasma antioxidant activity. This plasma composition represents a worse substrate to oxidation by reactive species because of its lower number of double bonds. It was also observed a negative significant correlation between DPPH and the peroxidability index values of these patients. Although the fatty acid composition of adipose tissue and blood can be used as biomarker of fatty acid intake (40) , this proportion can be also due to the desaturase activities, which are the limiting factors in the biosynthesis of highly unsaturated, long-chain fatty acids, such as arachidonic acid, from their percursors (8) . Competition between metabolic pathways may lead to changes in fatty acid composition that are not directly related to diet. Since the blood samples were collected during fasting state, fatty acids that were derived from the diet or biosynthesised, both contributed to the profile that was observed in our patients. Based on the fact that no associations were observed between diet intake (including fatty acids) and oxidative stress, it could be suggested that fatty acid synthesis would have a more extensive effect on oxidative susceptibility than the fatty acids from the diet. It is possible that the diet effect in this population on oxidative stress, which was not submitted to a diet treatment, could only be visualised under postprandial conditions, as before suggested by Sies et al. (41) . With regard to the second PC (vertical axis, Fig. 1 ), individuals were separated according to their oxidative stress that was measured by oxLDL and MDA concentrations. Clusters located in the upper side, which showed a higher oxidative stress, presented lower HDL cholesterol concentrations than clusters located in the lower side. As reported for the first PC, there were no additional differences, including the dietary pattern, among the clusters in this second axis. Many studies have shown the role of HDL cholesterol as antioxidant. Paraoxonase-1 has been shown to inhibit cholesterol influx by reducing the formation of oxLDL, which increases the breakdown of specific oxidised lipids in oxLDL and decreases macrophage uptake of oxLDL (33) . The present results suggest that the antioxidant activity of HDL cholesterol particles can be better observed by measuring oxidative status (MDA and oxLDL) than antioxidant activity (DPPH and FRAP).
In summary, the multivariate techniques that were applied in the present study allowed individuals to be grouped according to their oxidative stress as measured by four biomarkers, which are all clinically relevant. Based on this multivariate approach, we can suggest that fatty acid synthesis and HDL cholesterol concentration seem to exert a more extensive effect on the oxidative conditions of the individuals with dyslipidaemia controlled by statins than food intake. However, studies involving some gene polymorphic evaluations for in vivo oxidative biomarkers that are associated by multivariate analysis may be necessary to explain the reason that it was not possible to observe any effect of diet on oxidative stress in these individuals.
